Purpose Interruptions in medical treatment such as dose delays, reductions, or stoppages can lead to suboptimal treatment of cancer. Knowing how and for whom symptom severity and symptom interference with activities of daily living (ADL) are associated with treatment interruptions can guide behavioral interventions for supportive care. The purpose of this analysis is to inform research and clinical practice by bringing attention to specific patient symptoms that may hinder dose completion. Methods A secondary analysis of data collected in a randomized clinical trial (RCT) of reflexology for symptom management was performed. The trial enrolled women with advanced breast cancer undergoing treatment (N=385). Outcome data were collected at baseline, weeks 5 and 11 using valid and reliable measures. Medical records provided data on treatment interruptions and metastasis. The association between alterations in medical treatment during the study period with symptom severity, symptom interference with ADLs, and metastatic status were tested using generalized estimating equation (GEE) models. Results The relationship between dose delays and dose reductions and symptom severity was differential according to metastatic status, with the higher strength of association among women with distant metastasis compared to those with locoregional disease (p=0.02). The interaction of symptom interference and metastatic status was also significantly related to dose delays and reductions (p=0.04). Severity of pain was a stronger predictor of dose delays or reductions among patients with distant metastasis compared to those with loco-regional disease (p<0.01). Conclusion The analysis highlights the importance of understanding symptom outcomes that impact research, practice, and treatment decisions.
Introduction
Symptom burden associated with cancer and its treatment is often the primary reason for treatment interruptions such as dose delays, dose reductions, or even stoppage of chemotherapy [1, 2] . Alterations in medical treatment can lead to suboptimal treatment at the very least [3, 4] and life-threatening recurrence or shorter overall survival at the extreme [5] [6] [7] . Yet, few studies have evaluated the association between symptom severity and treatment interruptions [4] . Most studies that address treatment interruptions compare specific chemotherapy protocols [4, 8] . From the patient's perspective, it is often the severity of symptoms that leads them to request a change in dosage. Patients' willingness to report their symptoms to oncologists is supported in some literature [9, 10] while other papers discuss a lack of concordance between patient reports and provider documentation of patient symptoms [11, 12] . Patients' reluctance to report their symptoms to oncologists has also been noted [13, 14] . When patients either do not report their symptoms or under-report their symptom severity, oncologists may not take symptom information into account when deciding upon dosage. Therefore, the association between the symptom severity experienced by patients and treatment interruptions may or may not exist.
This secondary analysis uses data from a randomized clinical trial (RCT) of a complementary therapy, i.e., reflexology, that was administered to women with advanced breast cancer for symptom management during medical treatment with chemotherapy, hormonal, or targeted therapy [15] . The purpose of this analysis was to investigate the role that patient-reported symptoms may play in dose delays, dose reductions, and stoppages among breast cancer patients. Understanding the factors associated with such changes in treatment is important for improving both the quality of medical treatment and patient symptom management.
Intravenous (IV) chemotherapy involves a dose and duration defined by the patient's oncologist, and this protocol dose is delivered unless altered by the oncologist or the patient missing scheduled infusions. Predictors of poor patient adherence or under use of treatment are older age, comorbidity, and practical issues such as transportation and distance from the clinic [16] [17] [18] . Symptoms and toxicities that may contribute to treatment interruptions include nausea, vomiting, neuropathy, myelosuppression, febrile neutropenia, and dermatologic toxicities [1, 2, 19] . Fairclough et al. [20] reported that a higher dose intensity of chemotherapy had a negative impact on quality of life, including greater symptom burden. Looking specifically at the population of women with advanced breast cancer, Du et al. [21] reported that those with late stage breast cancer had nearly twice as many symptoms as early stage. Thornton et al. [22] found no differences in overall quality of life ratings according to the presence or absence of distant metastasis but significantly lower perceived functional status among metastatic breast cancer patients. Wyatt et al. [23] found that breast cancer patients with distant metastasis experience greater pain and poorer physical functioning than those with less advanced disease. Vilhauer [24] also reported that women with metastatic breast cancer decreased physical activity due to physical symptoms. Such decreases in physical functioning due to symptom burden among metastatic breast cancer patients may lead to alterations in medical management.
This current investigation of the relationship between symptoms and treatment interruptions may be especially important for women with advanced breast cancer and accounts for the status of metastasis. In this report, consideration is given to overall symptom burden, as reflected by the symptom severity and interference scores summed across an array of cancer-and treatment-related symptoms. In addition, severities of specific prevalent symptoms in this population (pain, fatigue, and dyspnea) are considered in the following research question:
Are dose delays, reductions, or stoppages in treatment associated with summed symptom severity, symptom interference with daily activity, and severities of specific prevalent symptoms (pain, fatigue, and nausea), and are these associations different according to metastatic status?
Methods
Women with advanced breast cancer undergoing chemotherapy, hormonal, or targeted therapy (N=385) were enrolled in a RCT of reflexology for symptom management (N=385). Participants were interviewed at baseline and were randomized to receive four weekly sessions of reflexology, lay foot manipulation, or standard care. Randomization balanced the groups with respect to recruitment site, levels of pain and fatigue at intake, and goal of therapy (i.e., curative, maintenance, palliative, or uncertain). Data on symptoms were collected via telephone interviews at baseline and study weeks 5 and 11. Medical records were reviewed for data on treatment interruptions during the study. Primary trial results are reported elsewhere [15] . Briefly, the reflexology group had a significant improvement in physical function compared to controls, and this improvement was mediated by a reduction in the severity of dyspnea. The present paper leverages the existing large sample data from women with advanced breast cancer for a secondary analysis of treatment interruptions in relation to longitudinal symptom data.
The sample
Women were eligible to enter the study if they (1) were diagnosed with advanced breast cancer (stage III or IV), (2) were 21 years of age or older, (3) were able to perform basic activities of daily living (ADLs), (4) were cognitively intact and free of a diagnosis of mental illness on their medical record, (5) were able to speak and understand English, (6) had access to a telephone, (7) were able to hear normal conversation well, and (8) were receiving chemotherapy and/or hormonal therapy at intake into the study. Exclusion criteria were (1) receiving hospice care at intake, (2) residing in a nursing home or similar care facility, (3) bedridden, (4) regularly using a complementary therapy similar to those used in the study (reflexology or lay foot manipulation), and (5) undergoing bone marrow transplantation.
Data collection
Participants were recruited at 14 participating oncology clinics in the Midwest. Once recruited, they completed an initial baseline telephone interview. A second interview occurred post-intervention at week 5. At 11 weeks post-baseline, a third telephone interview was completed. Medical records were reviewed following the participant's completion of the week 11 interview to record data on clinical variables corresponding with the 11 weeks on study.
Measures
Measures of symptoms were obtained using patient self-report during interviews at baseline, weeks 5 and 11. A 25-item cancer symptom inventory created by Given et al. [25] was used. It measures symptom severity and impact on activities of daily living. The inventory included the following symptoms: dyspnea, cough, weakness, numbness or tingling, fever, weight loss (more than 2 lb a week), muscle wasting, hand or arm swelling, nausea, vomiting, lack of appetite, diarrhea, constipation, dry mouth, changes in taste, mouth sores, bleeding or bruising, sleep disturbance, restlessness, mood changes, difficulty concentrating, dizziness, changes in speech pattern, episodes of confusion, and memory problems [25] . For each symptom, women rated symptom severity on a 0-3 Likert scale (0=none, 1=mild, 2=moderate, 3=severe) and the interference of the symptom with activities of daily living on a 0-4 Likert scale (0=no extent, 1=small extent, 2=some extent, 3=great extent, and 4=very great extent). The severity scores were summed into a symptom severity index, and the interference with activities of daily living scores were summed into a symptom interference index [26] .
Measures of pain and fatigue were obtained using the Brief Pain Inventory and Brief Fatigue Inventory [27, 28] . Items reflecting severity of pain at its worst and severity of fatigue at its worst were rated on a scale from 0=Bnot present^to 10=Bas bad as you can imagine.^These severity ratings were used in the analysis.
A measure of physical function was obtained from the Medical Outcomes Study Short Form 36 (MOS SF-36), physical functioning subscale [29] . The total scores range from 0 to 100 with higher scores reflecting better functioning. Physical function was considered in the analysis to facilitate the interpretation of the results, since physical functioning is associated with severity of multiple symptoms [29, 30] .
The chart audit covered the same 11 weeks that women were in the study unless they dropped out before week 11, in which case the audit covered the time before attrition. The following data were obtained from charts: comorbidity, cancer recurrence and metastasis status, goal of therapy, agents used, their dates of administration, and dates of dose delays, dose reductions, or dose stoppages for each agent, along with reasons. There were a total of 29 different agents used in the sample during the study period, 8 of which were hormonal and 3 were targeted. There were 18 different one-agent protocols, 75 different two-drug combinations, and 61 different three-drug combinations. Some women received up to seven different agents given either consecutively or concurrently during the study period. Therefore, treatment was summarized in the following categories: hormonal therapy only, singleagent chemotherapy, multiple agent chemotherapy, targeted therapy, or targeted therapy and chemotherapy. The latter five categories may or may or include additional hormonal therapy.
Treatment interruptions (dose delays, reductions, or stoppages) were defined based on their documentation in patients' medical records. Each of the 14 clinic sites used similar methods for documenting symptoms and changes in medical protocols; however, some documentation may have been incomplete [11] . Interruptions recorded by the clinicians at each of the study 14 sites were all analyzed. The date of each interruption, i.e., dose delay, dose reduction, or dose stoppage, was used to place it either between the baseline interviews and study week 5, or between study weeks 5 and 11 interviews. This resulted in three binary variables, i.e., dose delay, dose reduction, dose stoppage, with two repeated measures for each (yes/no between baseline and week 5 and yes/no between weeks 5 and 11). These repeated measures were investigated in relation to symptoms reported during the interview that preceded each interruption. For women who were on multiple agents, summary variables of treatment interruptions during each time period (baseline to week 5 or week 5 to week 11) were assigned a value Byes^if any of the agents were delayed, reduced in dose, or stopped (respectively) during this time period.
Statistical considerations
The distributions of demographic characteristics, symptom and functioning variables, and clinical variables were summarized for the entire study sample and by metastatic status and compared using chi-squared, Fisher's exact, or t tests. Based on observed counts for dose delays, dose reductions, and dose stoppages, dose delays and dose reductions were combined into one category of treatment interruptions, while dose stoppage was kept separate. Reasons for dose delays or reductions and dose stoppages were summarized for each occurrence.
Generalized estimating equation (GEE) modelings were used for the analysis of repeated measures of binary outcome variables. Repeated measures of dose delays and dose reductions (between baseline to week 5, and week 5 to week 11) were entered as an outcome (dependent) variable in the GEE model. Based on the literature review [1, 2, [16] [17] [18] [19] , the following explanatory (independent) variables were included: age, number of comorbid conditions, time period, symptom severity, metastatic status, and interaction between symptom severity and metastatic status. Study group was not included in the model to avoid colinearity with the symptom severity variable, since the primary analysis of the trial showed Too busy (29) Too sick (7) Overwhelmed (11) Not interested or too busy (29) Not want to be interviewed (2) Foot concerns and other (16) Other ( improvements in symptoms according to study group: Dyspnea was reduced in the reflexology group, and fatigue was reduced in the lay foot manipulation group [15] . First, symptom severity was measured using a summed index from the inventory of multiple symptoms. It was a time-varying covariate so that the severity of symptoms reported at baseline was related to dose delays and reductions that occurred between baseline and week 5, and symptom severity at week 5 was related to dose delays and reductions that occurred between week 5 and week 11. The question about moderating effects of metastatic status on the relationship between symptom severity and treatment interruptions was answered by the test of the significance of the interaction term. When the interaction term was significant, the sample was stratified based on metastatic status, odds ratios (ORs), and the confidence intervals for ORs for the symptom severity index in metastatic and non-metastatic groups that were reported. This analysis was then repeated using the symptom interference index instead of the symptom severity index and using severities of specific prevalent symptoms (pain, fatigue, dyspnea). Dose stoppages were analyzed next following the same approach as described above. To facilitate the interpretation of findings, the physical functioning score was explored as a possible predictor of treatment interruptions, due to the association between symptoms and physical functioning reported in the literature [30] [31] [32] . All statistical tests were twosided. SAS 9.4 was used for all analyses.
Results
The flow of participants through the study is presented in Fig. 1 ; demographic and clinical characteristics of the study sample are summarized in Table 1 . The distributions of outcome variables of dose delays or reductions and dose stoppages are provided according to the timing of these interruptions: between baseline and week 5 and during weeks 5 through 11. As noted in the BMeasures^section, summary variables of treatment interruptions were created for women who received multiple agents during each time period or had multiple interruptions of the same agent. Thus, as shown in Table 1 , 51 patients had at least one of the drugs reduced or delayed at least once between baseline and week 5, and 21 patients had at least one drug delayed or reduced at least once between weeks 5 and 11. A total of 319 patients (83 %) did not have dose delays or reductions in the entire study period. The corresponding numbers for patients with at least one drug stoppage in the respective time periods were 31 and 24 (see Table 1 ). A total of 332 patients (86 %) did not have treatment stoppages. The reasons for interruptions were given for each instance of each interruption of each drug, producing a greater number of interruptions than the count of women who experienced interruptions (see Table 2 ).
The GEE models for the outcomes of dose delays or reductions indicated that the interaction between the symptom severity index and metastatic status was significant (p=0.01, data for the model with interaction are not shown) and the interaction between the summed symptom interference index and metastatic status was significant as well (p=.04, data for the models with interaction terms are not shown). To clarify the nature of these significant interactions, the sample was stratified on metastatic status, and the ORs for symptom variables in metastatic and non-metastatic groups are summarized in Table 3 . The direction of the association between symptom variables and dose delays or reductions was different among women with distant metastasis compared to those with locoregional disease. For those with no metastasis (first panel of Table 3 ), there was a negative association between symptom severity and probability of dose delay or reduction reflected by ORs that are less than 1. This association was statistically significant for the summed symptom severity index (OR= 0.92, p=.02) and the severity of pain (OR=.60, p<.01). In contrast, among women with metastatic disease (second panel of Table 3 ), the estimate of the OR was greater than 1 indicating that greater symptom severity was associated with greater probability of dose delays and reductions. This association was also significant for the severity of pain (OR = 1.09, p=.02). In the analysis of dose stoppages, the interaction of symptom severity with metastatic status was not statistically significant (data not shown), and in the analysis stratified on metastatic status, the main effect of symptom severity on dose stoppages was also not significant (see Table 4 ).
Finally, because of the association between symptoms and function, findings were assessed to determine if they would hold when symptom severity was replaced with physical function as a predictor of treatment interruptions. The answer was negative, indicating that while many symptoms may affect function, it has symptoms that are associated with dose delays and dose reductions differentially according to metastatic status and not the physical function.
Discussion
In response to the research question posed for these data, three key findings were obtained on the associations between symptom severity, dosage alterations, interference with daily activity, and metastatic status. First, summed symptom severity and pain severity were significantly associated with dose delays or dose reductions, and the direction of these associations was dependent on women having metastatic disease. The dependence on metastatic status may reflect clinician's reluctance to modify the dose in patients treated with curative intent, as opposed to patients treated for palliation. While this is speculation on such clinical decisions, it is known that dose reductions and delays, if leading to a substantial reduction in relative dose intensity, have been found to potentially decrease overall survival [33] . Second, the fact that summed symptom severity was not significantly related to treatment stoppages, in this sample of patients with advanced disease, reflects the finding that 58 % of all drug stoppages were due to disease progression, admittance to hospice, or death. In other words, clinical judgments determined these women too ill to continue medical therapy; even though symptom-related reasons accounted for only 24 % of stoppages.
Finally, none of the three dose indicators, i.e., delays, reductions, or stoppages, were significantly related to physical functioning. While other investigators have reported a link between symptoms and physical functioning and activities of daily living [34] , physical function was not a predictor of alterations in medical management based on these data.
In summary, this secondary analysis bridges the symptom experience of women with advanced stage breast cancer to treatment outcomes important to clinical practice. Clinicians may make dosage decisions based on metastatic status as well as patient-reported symptoms, especially pain.
Limitations
Limitations of this report include a primarily Caucasian sample of women and a fairly large number of medications. Due to this large number, specific symptoms were not assessed as to whether they were associated with delays or reductions in the dose of each specific agent. Second, data on supportive medical care such as transfusions and symptom medications were not uniformly available across all clinical sites [11] . For example, patients with stage III disease might have received Neulasta, which could cause considerable pain, but despite this pain, the dose intensity was maintained. By contrast, in the situation of metastatic disease, Neulasta is typically not given, and pain can be a reflection of disease progression rather than treatment toxicity. This could explain why more severe pain was associated with lower probability of dose delays and reductions among non-metastatic subgroup and with higher probability in the metastatic subgroup. Possibilities such as this underscore the importance of collecting detailed chart data to complement patient-reported outcomes in symptom management trials.
Conclusions
The finding of no significant relationship between symptom severity and dose delays/reductions among non-metastatic breast cancer patients by no means diminishes the importance of supportive symptom management interventions. Symptom management interventions improve quality of life during cancer treatment but may not go as far as reducing treatment interruptions among patients with loco-regional disease. In this reflexology trial, the symptom of dyspnea was improved in the reflexology arm, and fatigue was improved in the lay foot manipulation arm [15] , but neither dyspnea nor fatigue severity were found to be related to treatment interruptions in the present analysis [15] . In limited evidence from past trials that included both the assessments of patient-reported symptoms and treatment interruptions based on medical charts, dose delays and reductions moderated the effect of a cognitive-behavioral intervention on symptom severity, i.e., the intervention was more successful in the absence of treatment interruptions [35] . Neutropenia had similar moderating effects among patients with solid tumors undergoing chemotherapy [36] . In future trials of symptom management interventions that target pain or other symptoms, assessing treatment interruptions may be a valuable addition to patientreported outcomes. As types of treatment evolve and the resulting patient symptom experience changes, the analyses of treatment interruption data from symptom management trials may provide further evidence on the links between symptom severity and treatment interruptions and ways to maintain both medical protocols and quality of life during cancer treatment.
